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Abstract

We investigated the association between calcium intake and
colorectal cancer in a prospective cohort of 45,354 women
without a history of colorectal cancer who successfully
completed a 62-item National Cancer Institute/Block food-
frequency questionnaire. Women were followed for an
average of 8.5 years, during which time 482 subjects
developed colorectal cancer. We used Cox proportional
hazards models, with age as the underlying time metric, to
estimate risk of colorectal cancer. Cut points between
quintiles of energy-adjusted dietary calcium were 412, 529,
656, and 831 mg/day. We created categories for calcium from
supplements as follows: 0 mg/day (n = 25,441), 0 to 400 mg/
day (n = 9,452), 401 to 800 mg/day (n = 4,176), and >800 mg/
day (n =6,285). Risk ratios and confidence intervals (95% CI)
for increasing quintiles of dietary calcium relative to the

lowest quintile were 0.79 (0.60-1.04), 0.77 (0.59-1.02), 0.78
(0.60-1.03), and 0.74 (0.56-0.98), Ptrend = 0.05. For increasing
categories of calcium from supplements, the risk ratios (and
95% CI) relative to no supplement use were 1.08 (0.87-1.34),
0.96 (0.70-1.32), and 0.76 (0.56-1.02), P trend = 0.09. Simulta-
neously high consumption of calcium from diet and calcium
from supplements resulted in even further risk reduction,
RR = 0.54 (95% CI, 0.37-0.79) compared with low consump-
tion of both sources of calcium. These data indicate that a
difference of < 400 to > 800 mg of calcium per day was
associated with an approximately 25% reduction in risk of
colorectal cancer, and this reduction in risk occurred
regardless of the source of the calcium (i.e., diet or
supplements). (Cancer Epidemiol Biomarkers Prev
2005;14(1):126–32)

Introduction

Calcium has the potential to reduce risk of colorectal cancer
through a variety of plausible biological mechanisms. Chief
among these is the hypothesized ability of calcium to reduce the
proliferative effect of secondary bile acids in the colon (1).
Secondary bile acids, produced during the digestion of fat, are
highly irritating to the epithelial cells of the colon, but calcium
forms insoluble soaps with these bile acids thus neutralizing
their ability to irritate the epithelial surface of the colon and
thereby induce an increase in proliferation rates. Without the
increase in cellular proliferation rates, the likelihood of
individual initiated cells progressing to neoplasia or cancer
would presumably be diminished. Alternatively, calcium may
act through pathways independent of its ability to bind
secondary bile acids and seemingly therefore to diminish
proliferation rates. For example, calcium might also have direct
effects on differentiation and apoptosis possibly related to the
action of vitamin D, intracellular release of calcium, calmodulin
activation, and subsequent phosphorylation of other cellular
enzymes and activation of other signaling pathways (2).

Despite the biological plausibility of a calcium effect, earlier
reviews and metaanalyses of the epidemiologic literature
concluded that calcium intake does not have a significant
effect on reduction of risk for colorectal cancer, or perhaps
might only have a weak effect (3-5). Recent findings, however,
have provided evidence to suggest that calcium does in fact
have an important inverse association with colorectal neoplasia.

Among these were two observational studies of adenoma
recurrence, each showing reductions in risk for those with high
intakes of calcium at baseline (6, 7) and eight reports from
prospective cohort studies of calcium intake and incident
colorectal cancer, all indicating reduced risk with higher
calcium intake, although not always with statistical significance
for all subanalyses (8-15). Additionally, in two separate double-
blind, placebo-controlled clinical trials of calcium supplements,
investigators found reductions in rates of adenoma recurrence
(by 15% and 34% compared with placebo group) over 3 to 4
years of follow-up in patients with a history of adenomas (16,
17). In a third clinical trial of a combination supplement
containing calcium and a variety of antioxidants, there was a
similar 15% reduction in patients with recurrent adenomas in
the intervention group compared with controls (18). Taken
together, these recent studies suggest that the earlier reviews
may have been premature in discounting the place that calcium
might have in influencing risk of colorectal cancer.

In this paper, we present data from a prospective study of
diet and colorectal cancer in a cohort of women selected from
participants in a breast cancer-screening program. These
analyses include specific consideration of calcium source (diet
versus supplement) as well as anatomic subsite (colon versus
rectum and distal colon versus proximal colon).

Materials and Methods

Study Population. The Breast Cancer Detection Demonstra-
tion Project (BCDDP) was a breast cancer-screening program
conducted under the joint sponsorship of the National Cancer
Institute and the American Cancer Society. The project ran
from 1973 through 1980 and enrolled 283,222 women at 29
screening centers in 27 cities across the United States. In 1979,
the National Cancer Institute established a follow-up cohort
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from a subset of the women who had participated in the
BCDDP based on their breast cancer-screening status. The
follow-up cohort included all 4,275 women from the screening
program who had been diagnosed with breast cancer, all
25,114 women who had been diagnosed with benign breast
disease, and all 9,628 who had been recommended for biopsy
or breast surgery but did not have a surgical procedure
(excluding women with a history of breast disease from the
analysis did not materially affect the risk estimates, data not
shown). An additional 25,165 women with no history of breast
disease were matched with the above-listed subjects on age,
time of entry into the screening program, ethnicity, screening
center, and length of participation in the BCDDP for a total of
64,182 women selected for entry into the follow-up cohort. Of
that number, 61,431 women (96%) completed the baseline
questionnaire (given between 1979 and 1981) and were
therefore eligible for further participation in the study. The
Institutional Review Board of the National Cancer Institute
approved the study, and all subjects provided written
informed consent at the time of enrollment.

Participants subsequently completed a mailed questionnaire
during three separate follow-up periods: 1987 to 1989, 1992 to
1995, and 1995 to 1998. Nonresponders to the questionnaires
received vigorous follow-up including repeated mailings and
phone calls.

For the purposes of the current analysis, entry into the
analytic cohort took place at the time of the dietary
assessment (1987-1989). We excluded from the study women
who did not complete a questionnaire at that stage (n =
9,738), women with a diagnosis of colorectal cancer at the
1987 to 1989 questionnaire or earlier (n = 479), women
whose reported entry date occurred after their exit date (n = 6,
see definition of exit dates below), and women who
skipped more than 30 items on their food frequency
questionnaires or who had a reported total energy intake
> 3,800 or < 400 kcal/day (n = 5,647). For this study, we
also excluded 207 women with implausibly high intakes of
calcium (reported level of consumption exceeding 3,000 mg/
day), leaving 45,354 women in the final analytic cohort.
Including women reporting consumption of more than 3,000
mg/day in the analyses did not materially alter the results
(data not shown).

Cohort Follow-up. Follow-up began with completion of
the dietary questionnaire (1987-1989). We defined ‘‘end of
study date’’ as the date the subject completed the 1995 to
1998 questionnaire, or if the subject did not complete a 1995
to 1998 questionnaire, as the date of last contact in the 1995 to
1998 follow-up period. For participants not known to be
deceased and with whom we had no contact in the 1995 to
1998 follow-up period, we imputed an end of study date by
estimating the date on which subjects would have completed
the 1995 to 1998 questionnaire (using mean time intervals
from the rest of the cohort) had they actually completed one.
We defined exit date from the study as the earliest among
end of study date, date of colorectal cancer diagnosis, or date
of death from cause other than colorectal cancer.

In the final analytic cohort, 90.3% (40,946 women) had
complete follow-up through 1995 to 1998, meaning their exit
date corresponded to either the date of their first colorectal
cancer diagnosis, the date they filled out the 1995 to 1998
questionnaire, or their date of death from a cause other than
colorectal cancer.

Case Ascertainment. We identified colorectal cancer cases
from self-reports on the 1992 to 1995 and 1995 to 1998
questionnaires, from statewide cancer registries, and from the
National Death Index (through 1997). We obtained pathology
reports for 244 (79%) of the 309 women who provided self-
reports of a diagnosis of colorectal cancer. The pathology
reports confirmed 229 (94%) of the cases as adenocarcinoma

of the colon or rectum (ICD-0 site codes 153.0-153.4 and 153.6-
153.9 for colon cancer and 154.0-154.1 for rectal cancer).
Because of this high correspondence between the self-reports
and medical records, we included as cases the remaining
65 self-reports of colorectal cancer without pathology reports.
Exclusion of these 65 cases did not materially affect the
results (data not shown). Women with pathology reports
contradicting self-reported colorectal cancers were not in-
cluded as cases, unless they also appeared in a state cancer
registry as described below. Pathology reports obtained for
self-reported conditions unrelated to colorectal cancer identi-
fied 16 more cases of colorectal cancer. A search of the
National Death Index identified an additional 107 individuals
with death certificates indicating a diagnosis of colorectal
cancer. Finally, we used last-known place of residence for
each subject to match against state cancer registries for those
states whose registries consented to participate in the study
(accounting for 73.5% of the analytic cohort). Subjects residing
in states with participating registries did not differ in any
material way with respect to distribution of risk factors from
subjects residing in states whose registries did not consent to
participate. This procedure resulted in the identification of a
further 65 colorectal cancer cases. Thus, the total number of
cases in the analytic cohort over the follow-up period was
482.

Dietary Assessment. With the 1987 to 1989 questionnaire,
respondents completed a 62-item National Cancer Institute/
Block food frequency questionnaire to assess usual dietary
intake over the previous year. Detailed descriptions of this food
frequency questionnaire and its validity have appeared
elsewhere (19-21). Software designed for this questionnaire
yielded estimates of daily intakes for total energy, macro-
nutrients, and micronutrients including calcium (21). A
separate series of questions in the 1987 to 1989 questionnaire
assessed intake of calcium from supplements, either multivi-
tamin-type or calcium-specific.

Statistical Analysis. We used Cox proportional hazards
regression (PROC PHREG in SAS version 6.12) with age as the
underlying time metric to generate risk ratios and 95%
confidence intervals (CI) for calcium from diet, calcium from
supplements, and total calcium (the sum of dietary and
supplemental calcium). All P values were two-sided. To test
for trend, we entered calcium into the model as a continuous
term.

We derived energy-adjusted dietary values using the
residual method (for example, the mean value for dietary
calcium in the analytic cohort added to the residual of
dietary calcium regressed on total energy for each individual)
as described by Willett (22). In analyzing calcium from
supplements, because the distribution of intake was highly
skewed (over half the cohort reported no calcium from
supplements) we created four categories based on fixed
levels of intake rather than dividing the cohort into quantiles.
The four categories were 0 mg/day of calcium from
supplements (n = 25,441), 1 to 400 mg/day (n = 9,452), 401
to 800 mg/day (n = 4,176), and > 800 mg/day (n = 6,285).
For calcium from supplements and for total calcium, we did
not adjust the energy intake of calcium from supplements
because intake of a nutrient from supplement use is not
fundamentally related to energy intake as would be a nutrient
derived from food. Thus, in order to arrive at a single value
for total calcium, we added the energy-adjusted dietary
calcium to the raw value for intake of calcium from
supplements. Using alternative energy adjustment methods
such as the multivariate nutrient density method, the
standard method (including total energy as a covariate), or
the partition method for any of the analyses, with each
offering a potentially unique interpretive perspective (23-25),
did not materially affect the final results.
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We also considered additional variables for inclusion into
our models as potential confounders. In evaluating these risk
factors, we entered each separately (by quintiles for contin-
uous variables) into the energy-adjusted models for dietary
and total calcium and the model for calcium from supple-
ments. We judged a change of > 10% in the risk estimate for
the highest quintile/category of calcium intake compared
with the lowest from the age and energy-adjusted only model
as evidence for confounding. We tested the following
variables in this manner: smoking (ever/never), history of
menopausal hormone replacement therapy (yes/no), educa-
tion (through high school/more than high school), body mass
index (kg/m2), height, weekday physical activity index
expressed in units of Metabolic Equivalent Time (26), alcohol,
folate, vitamin D, fiber, meat, fat, fruits, vegetables, grains,
and nonsteroidal antiinflammatory (NSAID) drug use (yes/
no). NSAIDs included aspirin, ibuprofen (Advil, Motrin,
Nuprin), Naprosyn, and other pain-relieving drugs, but
excluded Tylenol. We defined women to be users of NSAIDs
if they had used these drugs at least once a week for at least
1 year. After performing all of these tests, we found that none of
the factors listed above generated any material changes in
either the dietary calcium model, the total calcium model, or the
supplemental calcium model (data not shown), and thus did
not include them in any of the final calcium models. Likewise,
adjusting for reported colorectal cancer-screening or restricting
the cohort to only those subjects who had no prior history of
breast disease resulted in no qualitative differences in risk
estimates. Simultaneous inclusion of all these potential con-
founders in the proportional hazards regression models also
did not produce any material changes in the results from those
obtained in the age- and energy-adjusted models.

Results

Women in the BCDDP follow-up cohort completed the dietary
questionnaire at an average of 61.9 years of age and contributed
an average of 8.5 years of follow-up. Table 1 presents baseline
characteristics of the analytic cohort at the time of entry into the
study according to quintiles of dietary calcium intake. These
baseline characteristics were generally similar across quintiles

of dietary calcium intakes with only relatively modest increases
or decreases in a few food groups or nutrients (e.g., red meat,
percentage of energy from fat, alcohol, dietary folate, and folate
from supplements). The only exception was dietary vitamin D
which showed a greater than 4-fold increase across quintiles of
dietary calcium. The strong correlation between dietary calcium
and vitamin D will receive further attention below. The baseline
characteristics in categories of supplemental calcium and
quintiles of total calcium had a very similar pattern (data not
shown) with the only exception being that NSAID use was
slightly more common in the high category of intake compared
with the low (43.5% versus 36.0%).

In the first quintile of dietary calcium intake, energy-
adjusted median consumption was 337 mg/day, and in the
fifth quintile it was 985 mg/day yielding a range of intake just
under 650 mg/day. Across quintiles of dietary calcium, we
observed a reduction in risk for colorectal cancer with
increasing intake (Table 2). Quintile 5 had a relative risk (RR)
of 0.74 (95% CI, 0.56-0.98) compared with quintile 1 (P for
trend = 0.05). Across categories of calcium intake from
supplements, we had a somewhat broader range of intake
(0 mg/day in the low category compared with 1,130 mg/day
median in the high category), and we saw a similar association
with colorectal cancer in the high compared with the low
category (RR = 0.76, 95% CI, 0.56-1.02; P for trend = 0.09).
Calcium in the diet and calcium from supplements were
uncorrelated in this cohort (r = 0.01) indicating that the
association of colorectal cancer with calcium from one source
was completely independent of the association with calcium
from the other.

To determine if there was additional benefit from having
high intakes of both dietary calcium and calcium from
supplements, we did a secondary analysis in which we
combined categories of dietary and supplemental calcium
intake and entered these into a single proportional hazards
regression model (Table 3). We combined categories with
similar main effects (dietary calcium quintiles 2-5 and
supplemental calcium categories 1-3) into a single category
for both dietary and supplemental calcium. Women who were
simultaneously in the highest category of intake from both
sources of calcium had even further reduction in risk

Table 1. Baseline characteristics of 45,354 women in the BCDDP follow-up cohort according to quintile of dietary calcium
intake (all values are percentages or means in units listed)

Quintile of dietary calcium intake*

1 2 3 4 5

<412.3
(mg/d)*

412.4-528.9
(mg/d)*

529.0-656.2
(mg/d)*

656.3-830.9
(mg/d)*

z830.9
(mg/d)*

Calcium—diet (mg)* 332.1 471.6 589.8 736.6 1,057.7
Calcium—supplements (mg) 286.4 322.3 322.1 306.7 391.8
Dietary vitamin D (IU)* 66.3 105.2 133.5 175.2 270.8
Age 61.1 61.7 61.9 62.2 62.4
Energy (kcal) 1,273 1,258 1,283 1,288 1,265
Body mass index (kg/m2) 24.7 24.7 24.7 24.7 24.5
Height (inches) 63.8 63.9 64.0 64.0 64.1
Physical activity (metabolic equivalent time) 56.6 56.9 57.2 57.2 56.7
Alcohol (g) 5.6 4.3 3.9 3.6 2.8
Vegetables (servings)* 2.6 2.9 3.0 3.0 3.0
Fruit (servings)* 1.2 1.3 1.3 1.3 1.3
Red meat (g)* 39.1 34.8 32.3 29.7 24.0
Energy from fat (%) 37.6 35.8 35.5 34.4 31.4
Fiber (g)* 9.3 11.2 11.4 11.6 11.6
Folate from diet (Ag)* 203 254 266 274 285
Supplemental folate (Ag) 139 151 155 166 177
NSAID users (%) 37.8 37.3 38.5 40.0 39.9
Smokers, current/former (%) 45.3 43.4 42.7 42.7 41.6
More than high school education (%) 40.6 43.9 45.7 48.4 52.6

*Adjusted for total energy using the residual method as described in the text.
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compared with those who were in the low categories on each
(RR = 0.54, 95% CI, 0.37-0.79). Women who were in the high-
intake quintiles of dietary calcium but in the low category for
calcium from supplements had intermediate levels of risk
reduction (RR = 0.82, 95% CI, 0.65-1.02). The grouping with
high intake of calcium from supplements but low intake from
diet showed no reduction in risk (RR = 1.05), but this cell was
sparsely populated (n = 1,209), and the confidence intervals
were wide (95% CI, 0.62-1.77).

We had information on subsite specificity for 358 of the 482
cases of colorectal cancer. Using this information, we observed
a slightly stronger and more consistent association between
calcium intake and cancers of the colon than we did with
cancers of the rectum (Table 4). The number of cases of rectal
cancer, however, was small (n = 74), and the confidence
intervals were therefore wide, making it difficult to differen-
tiate between the risk estimates for the two sites (colon versus
rectum). When analyzing the association between either
dietary or total calcium with cancer in the distal colon
(defined as distal to the splenic flexure but not including
rectum, n = 112 cases) or in the proximal colon (n = 172
cases), we observed no qualitative differences from the
associations we observed using colon cancer in general as
the case definition.

Vitamin D mediates the absorption of calcium in the small
intestine, and therefore consideration of vitamin D status
could provide additional insight into the role of calcium in
reducing risk of colorectal cancer. Unfortunately, we had no
direct measure of sun exposure, a major source of circulating
vitamin D. Thus, our ability to measure vitamin D status
and correctly classify subjects on this exposure was
necessarily limited. Also, in the BCDDP cohort, and in the
U.S. diet generally, vitamin D and calcium both come
primarily from milk and dairy products (five dairy foods
contributed over 90% of the dietary calcium in the BCDDP
cohort). Thus, dietary calcium and dietary vitamin D are
highly correlated (r = 0.87 in the BCDDP cohort) making it
difficult to disentangle their independent associations with
colorectal cancer. Correlations with total vitamin D intake
(from both diet and supplements) were substantially lower
(r = 0.33 for dietary calcium and 0.10 for calcium from
supplements) making it more feasible to assess the effects of
total vitamin D intake on the association of calcium with
colorectal cancer. We did an analysis of calcium and
colorectal cancer after stratifying total vitamin D intake,
but these did not reveal statistical effect modifications of the
calcium association by vitamin D intake from diet and
supplements (data not shown).

Discussion

In our prospective analyses of calcium from diet and cal-
cium from supplements, we observed an approximately 25%
decrease in risk with higher intakes of each and even higher
reduction in risk, roughly 45%, with simultaneously high
consumption of both. These associations were generally not
subsite-dependent, nor did they change after adjustment for a
wide variety of potential confounders or stratification on body
mass index, NSAID use, smoking status, or history of prior
cancer other than colorectal cancer (data not shown). Likewise,
the results were not affected by the modification of various
criteria we established for inclusion of subjects in the analyses,
and although we cannot rule out the possibility that the
calcium-colorectal cancer association we observed could have
been different among the women excluded for providing
inadequate dietary information, there is no reason to believe
that it would be.

It is especially notable that the risk reduction in the BCDDP
cohort was present regardless of the source of calcium, that the
sources of calcium were almost completely uncorrelated, and
that simultaneously consuming high levels of calcium from
both diet and supplements further reduced risk. These
observations suggest that it was calcium per se, and not merely
dairy foods or some other unmeasured confounding variable
that we did not include in our analyses, that accounted for the
reduction in risk.

Although we observed an inverse association regardless of
the source of calcium, there did seem to be a difference
between calcium from diet and calcium from supplements in
the level at which we observed the risk reduction. For calcium
from diet, intake of > 400 mg/day resulted in a marked
reduction in risk, whereas in the case of calcium from
supplements, we observed no association at an intake of
< 800 mg/day. This discrepancy might be attributed to
differences between true intake and self-reported estimates of
intake for supplements and diet, or it may be the result
of differences between the bioavailability of calcium from diet
as compared with that from supplements.

Our results provide additional evidence that calcium intake
is inversely related to colorectal cancer. Among the earlier
reports (prior to 1997) only two prospective studies showed
statistically significant, inverse associations with colorectal
cancer or adenomas (27, 28), whereas eight others did not
(29-35). Many of these studies were relatively small, however,
and were thus underpowered to observe relative risks on the
order of 0.75 to 0.85, the magnitude of risk reduction commonly
observed in subsequent clinical trials and prospective studies.

Table 2. Age-adjusted relative risk of colorectal cancer by quintile of dietary calcium, category of calcium from
supplements, and quintile of total calcium (dietary calcium plus calcium from supplements)

Quintile or category (for supplements) of calcium intake

Q1 Q2 Q3 Q4 Q5 P trend

Dietary calcium*
Median intake (range), mg 337 (<412) 473 (412-528) 588 (529-655) 733 (656-830) 985 (>830)
Cases 113 93 92 95 91
RR (95% CI) 1.00 (reference) 0.79 (0.60-1.04) 0.77 (0.59-1.02) 0.78 (0.60-1.03) 0.74 (0.56-0.98) 0.05

Calcium from supplements
Median intake (range), mg 0 (0) 130 (1-400) 540 (401-800) 1,130 (>800)
n 25,441 9,452 4,176 6,285
Cases 273 115 44 52
RR (95% CI) 1.00 (reference) 1.08 (0.87-1.34) 0.96 (0.70-1.32) 0.76 (0.56-0.98) 0.09

Total calciumc

Median intake (range), mg 377 (<472) 551 (472-635) 728 (636-844) 1,003 (845-1,270) 1,676 (>1,270)
Cases 102 110 86 106 80
RR (95% CI) 1.00 (reference) 1.03 (0.79-1.35) 0.80 (0.60-1.06) 0.96 (0.73-1.26) 0.74 (0.55-0.99) 0.02

*Based on residual method for energy adjustment of dietary calcium intake.
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In fact, six of the eight earlier studies did have nonsignificant
risk estimates consistent with this range. As mentioned, since
1997, there have been eight additional prospective cohort
studies (8-15), generally with greater power, and each of these
reported inverse associations between calcium and colorectal
cancer. In some cases, the associations were statistically
significant only for subsets of the population or subclassifica-
tions of disease site [e.g., among women without a family
history of colorectal cancer (9), for cancers of the colon but not
the rectum (12), for distal rather than proximal colon (10), or
among men but not women (10)]. In only one study, the NYU
cohort, were there no statistically significant associations (8).
Notwithstanding a relatively small study size (only 100 cases) in
this cohort and thus wide confidence intervals, the relative risk
associated with the high quartile of intake compared with the
lowest was 0.71, consistent with the other studies. This body of
literature from prior prospective studies together with the
results from the present analyses and three clinical trials
demonstrating the ability of calcium supplements to reduce
adenomatous polyp recurrence (16-18), present a consistent
picture of a modest but real reduction in risk, perhaps of 15% to
25%, with higher intakes of calcium (> 800-1,200 mg/day).

Of the 17 prospective studies that have considered
calcium and colorectal neoplasia, only six (10, 12, 14, 15,
28, 34, 36) have undertaken subsite analyses. Of these, Wu
et al. (10), Terry et al. (14), and Stemmermann et al. (28),
the latter having very few cases, observed a more
pronounced effect in the distal colon compared with the
proximal colon, but only in the study by Wu et al. was the
association more than marginal. By contrast, McCullough et
al. (15) observed a stronger effect not in the distal but in
the proximal colon, but only for total calcium and not
dietary calcium or milk or dairy products. When comparing
colon to rectum, Jarvinen et al. (12) and McCullough et al.
both observed a difference (with the stronger effect in the
colon), whereas Kampman et al. (34) and Terry et al. (14),
saw no differences in risk estimates between these anatomic
sites. In light of these few mixed findings, our results
showing no substantial differences (or perhaps marginal
ones) among subsites are consistent with the existing body
of literature. Further studies are required before it will be
possible to make more confident statements about the
possible subsite specificity of the calcium effect, but at
present, the evidence does not offer substantial support for
any hypothesized differences in risk reduction from calcium
intake between proximal and distal colon or between colon
and rectum.

Our results, and the results from previous related studies,
raise interesting questions with regard to the mechanism by
which calcium may have the effect of reducing risk of colorectal
cancer. If calcium acted by neutralizing secondary bile acids that
would otherwise provide an irritative, proliferative stimulus to
the epithelial lining of the colon, we would expect higher
calcium concentration in the lumen to affect indicators of

proliferation such that they would be decreased. Yet in 14
separate randomized clinical trials of calcium supplements or
high-calcium (i.e., dairy) foods (37-50), 10 saw no change in
proliferation rates in colorectal mucosal biopsies.

Of the four clinical trials that did see a reduction in
proliferation rates, two were among familial adenomatous
polyposis patients (47, 49) with the authors of one of these
studies commenting that the effect was typically confined to
individuals with high proliferation rates at baseline (47). In
contrast to these results, however, Stern et al. (50) saw no
notable changes in mucosal risk factors after a 9-month
placebo-controlled trial of calcium supplementation in a
similar population with familial polyposis. A third study saw
a reduction in proliferation rates among patients with a family
history of colorectal cancer, although without polyposis (49),
and the final study showing a reduced proliferation rate with
calcium supplementation saw the effect only in patients who
received a dose of 2,000 mg/day (lower doses produced no
effect; ref. 48). In one of the few studies that considered
location of mitotic activity within the crypt, the authors
observed that although calcium supplementation did not
reduce overall proliferation rates, it did normalize the
distribution of proliferating cells within the crypt (39). These
latter observations do suggest that the effect of calcium may be
subtler than merely reducing proliferation generally, and that
it may act only at high doses (at least for calcium from
supplements, consistent with our results), and that it may
affect only subsets of the population. Furthermore, almost all
of the proliferation studies relied on rectal biopsies (37, 39, 40,
42-44) and thus were unable to assess potentially different
effects of calcium supplementation in the colon as distinct from
the rectum. Nonetheless, the predominantly null results from
these clinical trials do not provide strong evidence in favor of
the hypothesis that calcium will reduce risk of colorectal
cancer by downward influence on rates of proliferation in the
epithelium.

Furthermore, proliferation rates themselves may not be
indicative of future risk for colorectal neoplasia as described in
a follow-up study by Sandler et al. (51) in which proliferation at
baseline was, if anything, inversely correlated with risk of
adenoma 3 years subsequently. Thus, although evidence
accumulates that calcium has an inverse association with
colorectal cancer, the evidence in support of the hypothesis that
it does so by reducing the proliferative effects of secondary bile
acids remains weak at best.

The presence of fat in the diet, because of its influence on
the secretion of bile acids into the gut, should be an
important risk factor for colorectal cancer if the hypothesized
action of calcium to neutralize these bile acids in the lumen
were to be truly related to risk of colorectal cancer. The
epidemiological literature on fat and colorectal cancer,
however, is not consistent (52). In particular, there was no
association between fat and colorectal cancer in a separate
analysis of the BCDDP cohort (53), and yet, we still observed

Table 3. Age-adjusted relative risk of colorectal cancer cross-classifying dietary calcium and calcium from supplements

Calcium from diet

Q1 Q2-Q5

Calcium from supplements Median intake, 337 mg
(range, <412 mg)*

Median intake, 655 mg
(range, z412 mg)*

Categories 1-3 1.00 (reference) 0.82 (0.65-1.02)
Median intake, 130 mg (range, V800 mg) n = 7,861 (97 cases) n = 31,208 (335 cases)

Category 4 1.05 (0.62-1.77) 0.54 (0.37-0.79)
Median intake, 1,270 mg (range, >800 mg) n = 1,209 (16 cases) n = 5,076 (36 cases)

NOTE: P value for interaction term for calcium from diet and calcium from supplements was not significant.

*Based on residual method for energy adjustment of dietary calcium intake.
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a significant inverse association for calcium in this popula-
tion. Again, these results are not consistent with neutralizing
secondary bile acids as the primary mechanism by which
calcium reduces risk of colorectal cancer.

Finally, we observed no difference in the calcium association
across strata of dietary vitamin D, although it is important to
recognize that dietary vitamin D is an imperfect surrogate for
serum vitamin D because a large portion of circulating vitamin
D derives from exposure to the sun, something for which we
had no information in the BCDDP cohort. Other investigators
have pointed out the decreasing local rates of colorectal cancer
when moving from the north to the south and have postulated
increased circulating vitamin D (a result of increased sun
exposure) as a possible explanation (54). Given the high
correlation between dietary calcium and dietary vitamin D (the
primary sources of both were dairy foods), it is tempting to
propose that the calcium effect we observed was simply the
result of confounding by vitamin D. However, there was no
correlation between dietary vitamin D and calcium from
supplements, yet we still observed an inverse association
between supplemental calcium and colorectal cancer. This
does not exclude an important, independent role for vitamin
D, but it does suggest that calcium in this case is not simply a
surrogate for vitamin D intake.

If the ability of calcium in the colonic lumen to form inert
soaps with secondary bile acids is not an explanation that
satisfactorily accounts for the existing data on calcium and
colorectal neoplasia, the alternative most likely involves a
mechanism related to direct effects of calcium on the colonic
epithelial cells. It is important to consider, however, that
circulating levels of calcium are subject to tight homeostatic
regulation and vary only within a narrow range. Therefore,
whatever beneficial effect calcium may have on colorectal
epithelial cells, it is not likely to be related to changes in serum

concentration of the mineral. Lamprecht and Lipkin (2)
summarize the cellular modes of action that can explain the
effects of calcium in reducing risk of colorectal cancer through
the activation of calcium-sensing receptors on the luminal
surface of intestinal epithelial cells. These receptors are
G protein–coupled receptors that activate diverse intracellular
signaling pathways that can potentially influence epithelial cell
differentiation. This mechanism could explain the ability of
calcium to reduce the risk of colorectal neoplasia even though
it has no effect on proliferation rates, although at the same time
its serum concentration does not deviate from the narrow
range of homeostatic control.

In summary, despite earlier reviews expressing some
hesitation with respect to a judgment on calcium’s beneficial
effects, our study provides further evidence to support what is
now an increasing body of literature indicating that calcium
intake will reduce risk of colorectal cancer.
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Table 4. Age-adjusted relative risk of colorectal cancer by subsite for quintiles of dietary calcium and total calcium (dietary
calcium plus calcium from supplements)

Quintile of calcium intake

Q1 Q2 Q3 Q4 Q5 P trend

Rectum (74 cases)
Dietary calcium*

Range of intake (mg) <412 412-528 529-655 656-830 >830
RR (95% CI) 1.00 (reference) 0.73 (0.35-1.55) 1.02 (0.51-2.01) 0.82 (0.40-1.69) 0.87 (0.43-1.77) 0.85

Total calciumc

Range of intake (mg) <472 472-635 636-844 845-1,270 >1,270
RR (95% CI) 1.00 (reference) 1.19 (0.57-2.48) 1.10 (0.52-2.32) 1.23 (0.60-2.53) 0.93 (0.43-2.01) 0.30

Colon (284 cases)
Dietary calcium*

Range of intake (mg) <412 412-528 529-655 656-830 >830
RR (95% CI) 1.00 (reference) 0.78 (0.56-1.11) 0.66 (0.46-0.94) 0.70 (0.49-0.99) 0.62 (0.43-0.90) 0.02

Total calciumc

Range of intake (mg) <472 472-635 636-844 845-1,270 >1,270
RR (95% CI) 1.00 (reference) 0.84 (0.59-1.18) 0.66 (0.46-0.96) 0.78 (0.55-1.11) 0.69 (0.48-0.99) 0.10

Distal colon (112 cases)
Dietary calcium*

Range of intake (mg) <412 412-528 529-655 656-830 >830
RR (95% CI) 1.00 (reference) 0.64 (0.36-1.14) 0.70 (0.40-1.23) 0.76 (0.44-1.31) 0.66 (0.37-1.16) 0.54

Total calciumc

Range of intake (mg) <472 472-635 636-844 845-1,270 >1,270
RR (95% CI) 1.00 (reference) 0.76 (0.43-1.34) 0.86 (0.49-1.49) 0.71 (0.40-1.26) 0.71 (0.40-1.26) 0.26

Proximal colon (172 cases)
Dietary calcium*

Range of intake (mg) <412 412-528 529-655 656-830 >830
RR (95% CI) 1.00 (reference) 0.88 (0.57-1.35) 0.63 (0.39-1.01) 0.65 (0.41-1.04) 0.60 (0.38-0.97) 0.01

Total calciumc

Range of intake (mg) <472 472-635 636-844 845-1,270 >1,270
RR (95% CI) 1.00 (reference) 0.89 (0.57-1.38) 0.54 (0.33-0.90) 0.83 (0.53-1.29) 0.68 (0.42-1.08) 0.24

*Based on residual method for energy adjustment of dietary calcium intake.
cBased on residual method for energy adjustment of dietary calcium intake plus unadjusted supplemental calcium intake.
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